In an earlier paper 1 a method of photographing x-ray diffraction patterns from plant fibers, ramie fibers especially, was discussed, and the data were reported for some thirty lines. It was shown there that certain sets of planes of atoms, the existence of which was indicated by the diffraction lines, extended lengthwise of the fibers, while other sets were transverse and still others occurred diagonally in the fiber. The presence of these planes postulates the existence of a three dimensional lattice whose elementary cell was interpreted to be an orthorhombic structure.
The first alternative does not seem to satisfy the conditions. In work with well defined crystals, lines such as these would be suggestive of higher orders where n, in the fundamental formula n X = FIG. 1. Block of fibers set at 0 ° position. Fibers parallel to OC. Path of beam of x-ray is indicated by arrows. This figure appeared in the preceding paper.' 2d sin 0, is equal to 2 or 3 or some higher whole number. Here, however, we are dealing, not with well defined crystals, but with a mass of perhaps 10,000 small fibers which do not possess ordinary ws., exceptionally strong; s., strong; m, medium; w., weak; vw., very weak.
crystal characteristics. Nowhere in our work with fibers have we found evidence of higher order reflections from a single set of planes, beyond the second order, and then the lines were very weak. The possibility of obtaining sixth, seventh, and eighth orders, or even third and fourth, from a single set of widely spaced planes from material of this kind, and with the exposures such as used in this work, is indeed very remote. Further, the density of the lines does not, by any means, agree with the relative intensity of reflection from higher orders. This lack of agreement is brought out in Table II where it may be noted that the fourth order from rock-salt is about one-twentieth as strong as the second order, while the apparent fourth order from fibers is fully three times as strong as the second order. The other alternative, that each diffraction line represents a specific set of planes, seems much more probable. On that assumption 
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Estlmsted density, fibers from Table I . *Approximate figures from Bragg, W. H., and Bragg, W. L., X-rays and crystal structure, London, 4th edition, 1924, 198-202. there would be several, perhaps eight, sets of parallel transverse planes in the fiber. One set would have its planes spaced about 10.25 /t.u. apart; a second set would consist of the same planes with a set interleaved half way between; that is, 5.13 ,g,.u. apart; a third set would be composed of those spaced 10.25 along with a set interleaved by thirds; that is 3.42 ~.u. apart, and so on. This may be more clearly seen in Fig. 2 where the lines A1 and A2 represent identical transverse planes in a fiber with the spacing of 10.25 .~.u. The lines between indicate the positions of the interior planes which interleave them, and the figures denote the interplanar spacing. The structure would represent an arrangement of transverse planes which would be repeated from one end of the fiber to the other.
The principal evidence supporting this assumption lies in the relative intensities of the lines. By referring to Table I , Column 2, it will be noticed that the 10.25 line is missing, that the 5.15 line is moderately strong and that the 2.58 line is exceptionally strong. The great density of the latter, for it is the strongest line produced by the fibers on any diffraction pattern except that from the 0 ° position, practically forces our recognition of a set of 2.58 planes. If these 2.58 planes are alternately light and heavy planes, that is containing few and many atoms per unit of area respectively, then a weaker 5.15 line would appear. Its density would depend upon the difference in the number of atoms in the planes. The like planes would then be spaced 5.15 /~.u., but if they in turn were alternately light /h ' ' 102,~"'3".13""2.,,,¢6-'3o42-1.7! ....... "1,7/ ..... ",3.42"t and heavy, the like planes then would be 10.30/~.u., and a weaker line representing those planes might be expected to appear on the diffraction pattern. Lines from such wide spacings, however, are quite likely to be obscured in the general fog from the principal beam where moderately short wave-lengths of x-rays are being used, unless extremely well formed crystal materials are being photographed.
The lines lettered A1, B r, A'I, B 'r, and A2 represent 2.56 planes.
The diffraction line from these planes would be produced by an additive effect resulting in a strong line; but when the A planes are in position to produce a 5.13 line the B planes would partially annul the reflection and the resulting line would be weaker. Again when the widely spaced planes A1 and As are in position to produce a 10.25 line, the A'z plane would be effective in partially annulling the reflection, and a still weaker llne would be the result When the 1.71 planes are considered the explanation becomes still more complicated but in general is of a similar nature. The production of the lines on the photographic film is very probably still more involved because second order reflections may tend to make them denser in some cases; for example the 2.58 line may be reinforced by the second order of 5.15. On the other hand, the 1.29 line may be second order only, of the 2.58.
One might infer that atoms occur between the 1.71 planes, because the appearance of a 2.03 llne indicates the existence of planes located at one-fifth intervals between the A1 and As planes.
On the whole the evidence strongly favors the conclusion that several sets of parallel transverse planes exist, in which the like planes are spaced about 10.25 ~.u. apart, and the other planes are interleaved at certain intervals between them.
That arrangement of planes indicates a structural unit whose length is equal to the distance between the like planes; and a unit which is repeated lengthwise of the fiber.
The Structural Unit.
In the earlier paper 1 it was shown that the dimensions of this unit on a cross-section of the fiber are 6.10/i.u. X 5.40 A.u. Now a point is reached where we may say that the other dimension of the elementary cell is about 10.30 A.u. and its volume is about 340 CU..A,U. One might surmise that this volume would bear a direct relation to the volume of a C6H1006 group since the chemist has shown that cellulose is very probably made up structurally of anhydroglucose residues. ~ The volume of one C6I-I~005 group based on the specific gravity of ramie fibers, 3 which are almost pure cellulose, is 170 cu. /~.U. 1.57 6.062 X 102s
Irvine, J. C., Chem. Rev., 1924 , i, 55. a de Mosenthal, H., J. Soc. Chem. Ind., 1907 The sum of the atomic weights for the C8H100~ group is 162.1. The figure 6.062 × 1033 is Avogadro's number. The volume of the elementary cell then is equal to that of two of the glucose residues.
The two Ce groups placed in Fig. 2 would have certain atoms in plane ill. The atoms in As would be the corresponding atoms of a second pair of Ce groups; those in A 3, if that were shown, would be the same for a third pair of C8 groups and so on, forming a chain of such groups. On each side of this chain would occur other parallel chains 6.10/~.u. apart in one direction and 5.40/~.u. at right angles to that direction.
The arrangement of the transverse planes as interpreted in Fig.  2 would indicate that the C8 groups are spread out lengthwise of the fiber to form unbroken chains of atoms; that is, there would be no distinct gaps between the groups. On the other hand, the longitudinal planes, as interpreted from the diffraction pattern from the 0 ° position of the fiber block 1 would indicate that the atoms are located close to the center line of the chain of groups with few if any of the heavier atoms occupying positions half way between the chains. Such a structure will account for the lines obtained from the 0 ° and the 90 ° positions ( 
Diagonal Planes.
In the earlier paper ~ there was given a list of interplanar values which were determined from photographs taken at intervals between the 0 ° and the 90 ° positions of the fiber block (see Fig. 1 ). The planes represented by them, which we will call diagonal planes, belong to the (111) series OEG; the (101) A study of these diagonal planes resolves itself into: first, a sorting out of the observed interplanar values to fit the calculated values of the possible planes of~these series; and then, an assembling of the evidence to gain some further conception of the unit group of atoms. When the fiber block ( Fig. 1 ) was turned to some position, as at 60 °,
several representative sets of planes from the three series (111), (101), and (011) could readily have been oriented so as to produce their respective lines on the photographic film, all at the same time. This situation would be due to the combined effect of the cylindrical shape vs., very strong; s., strong; vw., very weak; w., weak.
of the fibers and the lack of exact parallelism in the orientation of the fibers in the block. As a result it would not be possible to determine directly with which of the three series of planes a given line on the negative would be associated. If, however, all of the lines were s., strong; w., weak; vw., very weak; vvw., extremely weak. in agreement with those which were predicted to appear at a given position, it would seem to be a safe procedure to ascribe certain vs., very strong; s., strong; w., weak; vw., very weak. planes to particular lines and thus sort them out into their respective series. For example, the photograph taken at the 60 ° setting had on it the lines given in Column 2 of Table III. In the list of possible planes computed from the elementary cell, there occurred planes with the spacings recorded in the first column of Table III . They formed angles to the OC edge of the fiber block as given in the third column. In most cases no attempt was made to estimate the observed angle closer than the interval reading 1 which was 10 °. When considering the accuracy of agreement and when attempting to visualize the diffraction occurring in the mass of fibers during the formation of the six lines of Table III , one must keep in mind that a fiber, or at least that particular part of a fiber which is effective in reflecting to a given line, might not be oriented properly to be effective vs., very strong; s., strong; m., medium; w., weak; vw., very weak.
in produdng any other line. In other words each line would be associated with its own set of fibers or parts of fibers. The results of sorting out the observed and the calculated planes are given in Tables IV, V, and VI. In order to complete the crystallographic data Table VII is also included.
Inspection of the tables shows fair agreement between the calculated and the observed values for the interplanar spacings and also for the position of the planes in the fiber, as based upon the elementary cell represented by Fig. 3 .
Further agreement is found when a study of the densities of the lines is made. This evidence, however, should not be accepted at its full face value because in a block of fibers the arrangement and distribution of the planes make it quite probable that certain lines appearing on the photographic film are composite lines. There is little doubt that some of the lines were produced by an additive effect of superimposed reflections from more than one set of planes. For example, the 2.35 line on the 60 ° and the 70 ° films might have been readily produced by reflections from the (104), the (014), and the (122) planes superimposed upon one another. While that situation must be taken into consideration it does not seem probable that very many lines fall in that category, and if comparisons between the densities are not used too specifically they would be acceptable as evidence. vvw., extremely weak; vw., very weak; w., weak; s., strong; vs., very strong.
T A B L E V I I I .

Comparison of Densities. From Tables IV, V, and VI.
A comparison of the densities of certain lines from each of the three series seems to indicate again the presence of interleaved transverse planes, corroborating the conclusions previously made. A glance at these three tables (IV, V, and VI), shows that the densities of the lines have not decreased in the so called higher orders as one might have expected if the atoms of the groups had been closely segregated around the corners of the elementary cell (Fig. 3) . The great density of the planes (113), (114), etc. as brought together in Table VIII From a somewhat different viewpoint, more information concerning the unit group may be obtained. In Tables IV, V, 
S.
vvw., extremely weak; vw., very weak; w., weak; s., strong; vs., very strong. of a given set are unequal in reflecting power; that is, if they are alternately light and heavy planes, the first order lines are weaker than the second order. In other words, the reflection from the heavy planes is partly annulled by that from the light planes. The more nearly the planes approach equality in reflecting power, the fainter are the first order lines. The limit is reached when the planes are all equal; then, the first order line fails to appear. In those crystals a "heavy" plane consists of heavy atoms and a "light" plane of atoms with lower atomic weights. In the fibers, however, the carbon and oxygen atoms are so nearly alike in weight that a "heavy" plane is quite likely to be one in which there are more atoms per unit area than occur in a "light" plane.
In Table IX In the preceding discussion we have attempted to make clear the steps in an interpretation of the diffraction patterns which led to the conclusion that a lattice arrangement of C~T-I1005 groups exists in the fiber wall. These groups acting as units appeared to be assodated as though they were attached to form long parallel chains running lengthwise of the fiber.
Orientation of the C6 Groups.
It seems probable, from the data now at hand, that the orientation of the C6 groups might be determined. There is some evidence of a chemical nature that a linkage between these groups exists, 2 and it is thought that carbon 1 is attached through an oxygen atom to carbon 5 of an adjoining group. In Fig. 4 two C6 groups are placed on lines corresponding to those of Fig. 2 . Each group is represented by the numbered carbons following the conventional method of the chemist only in assigning a number to each carbon atom. No attempt is made here to locate the atoms spatially, except in a most general way. With the groups oriented in this way the A planes would be equal to one another in reflecting power and the B planes would also have equal values in reflection. When considering the 3.42 planes it is immediately seen that At1 would annul completely the reflection from A1, B" would annul B', etc. The result, of course, would be that no 3.42 line would be formed. The same effect would be produced for all of the odd order lines,--3.42, 2.03, 1.46, 1.14, etc. It seems then that a linkage between carbon 1 and carbon 5 will not satisfy our interpretation of the diffraction pattern.
If the groups are attached to one another the alternative is a linkage between C1-C1 and C5-C5.
In addition to the orientation of the adjacent groups in each chain in that manner, the structure seems to be still further complicated by a difference in orientation of the chains themselves, as represented in Fig. 8 . Whether there is justification in revolving alternate chains as much as 180 ° is perhaps open to question. That arrangement is indicated by the occurrence of alternating light and heavy planes in the (111) series, Table VI , and by the absence of such an arrangement of planes in the (101) and (011) series, Tables IV and V. In Table VI the even numbered planes only, (112), (114), (116), etc. are sets of alternating light and heavy planes, while the odd numbered are sets of like planes. In the other two tables all are sets of like planes.
That situation may be illustrated by the following figures, 5 to 10, in which the horizontal lines represent the transverse planes in the fiber, which are spaced 10.25 A.u. as A1 and A2 in Fig. 2 ; and in which the vertical lines represent the longitudinal planes, those to which the long axis of the fiber is parallel.
In Fig. 5 the longitudinal planes have a spacing of 3.98 A.u. The diagonal lines in the figure are edge views of (114) planes. Their sparing is 2.17. On the diffraction patterns there appears a line which seems to be associated with this same set of planes since it indicates a spacing of double their value; that is, 4.35. If these two lines, 2.17 and 4.35, are produced by the same set of planes, then light and heavy planes must alternate in the set and we may say that the atoms have a different arrangement in the heavy planes from that in the light ones. In the diagram, 
FIG. 7.
transverse plane, two different arrangements of the atoms are assumed to occur alternately, which are designated as Q and R arrangements. Since plane A2 is identical to A1 the Q's and R's would be repeated. The result is that the heavy planes have only Q arrangements in them and in the light planes only R arrangements. All of the even numbered sets, (112), (114), (116), etc., will be of this type. The odd numbered sets, however, will be seen to contain both Q and R arrangements instead of all of the one or of the other, and thus each plane will have the same reflecting power, in a given set, as any other plane. Fig. 7 represents the (113) planes where each plane is of that type; that is, it contains both Q's and R's.
This QR arrangement of the atom groups seems to be in agreement with the assortment of planes in Table VI and may mean that the difference between the chains of atom groups which extend through RR and those which extend through QQ is only a difference in orientation of the alternate chains; that is, that the adjacent chains are turned laterally on their long axes so that only the alternate ones have the same orientation. In Fig. 8 an attempt is made to picture this arrangement by revolving every other one through 180 ° as an extreme case. Such a structure in perspective would appear somewhat as in A structure built to accord with the planes of the (111) series should also be in agreement with those of the (101) and (011) series. In the latter all planes of a given set are equal in reflecting power and therefore no double spacing occurs. That must mean that every plane has both Q and R arrangements in it. When we make a two dimensional view of the perspective Fig. 9 as though looking along MP or MO, we see that every plane contains both Q's and R's, as in Fig. 10 , so that in any set of these diagonals all planes are equal in reflecting power, as called for in the tables. Apparently, then, the structure is in agreement with the diagonal planes as determined from the photographs taken at various positions of the fiber block.
Further consideration of the structure shows that the transverse planes of Table I would not be affected by this rotation of alternate chains. There might be, however, a question as to the effect on the ~G. I0.
longitudinal planes of Table ¥II where the (110) and (130) alternate planes would contain either all R or all Q orientations. In spite of the apparent difference between the adjacent planes of these sets, it is highly probable that they have equal, or very nearly equal, reflecting powers since the atoms seem to be so closely grouped around the central axis of the chain. In other words, the patterns from the 0 ° position of the fiber block show that few if any of the heavier atoms occur between the planes of the three prominent sets, (100), (010), and (110) as discussed above, and therefore the close arrangement of the atoms would give each chain practically the same power as every other chain no matter how turned on its long axis, resulting in adjacent planes having practically equal reflecting powers.
SUMN~ARY.
It has been shown that the wall of the plant fiber is probably built up of unit groups of atoms which have assumed the form of a space lattice. The elementary cell of the lattice is an orthorhombic structure with the dimensions 6.10 X 5.40 X I0.30 A.u., and contains two unit groups equal in size to two C6HI00~ groups. The crystallographic unit cell would contain 4 of these elementary cells and would be represented by Fig. 9 rather than by Fig. 3 .
The groups of atoms, C6HI005, are arranged in parallel chains running lengthwise of the fiber. In each chain the odd numbered groups have a different orientation from the even numbered. The chains, parallel to one another are spaced 6.10 A.u. in one direction and 5.40 A.u. at right angles to that. In these two directions the odd numbered chains also would have a different orientation from the even numbered.
On account of the cylindrical shape of the fiber, the elementary cells are arranged in the form of concentric cylinders or layers. The dimensions of the fibers are such that the fiber wall is about 40,000 elementary cells in thickness, or in other words, the fiber is composed of that many concentric layers. If it could be magnified sufficiently, a cross-section of a fiber would show the end view of each cylinder as a dotted circle. The dots, representing the unit groups of atoms, would have considerable uniformity of spacing in both the tangential and the radial directions, 6.10 A.u. in one and 5.40/~.u. in the other. The structure could not be as rigidly exact as might be inferred, since the wall is deposited more or less rhyth-micaUy during a period of several days or weeks 5 in which adjustments in the arrangement of the unit groups undoubtedly occur. It is common knowledge that the fibers, under the microscope, rarely appear as true circles on cross-section; usually they appear as irregular, many-sided polygons and the wall thickness is normally uneven. For our purpose it is simpler to think of the fiber as composed of concentric cylinders with diameters so large in proportion to the size of the unit groups that in relatively large segments they closely approach the parallelism of the planes of a rectangular lattice, sufficiently close to be capable of producing diffraction patterns.
Although these conclusions seem to be in agreement with the diffraction patterns obtained from various positions of a bundle of approximately parallel fibers, the fact must not be overlooked that the structure cannot be proved with as great certainty as can the structure of a well formed crystal. The very nature of the fiber, its cylindrical shape, and the many internal adjustments which must take place, militate against a clean-cut demonstration.
Models, made more or less to scale, were used in working out this structure. The unit group was constructed according to Irvine's suggestion ~ that all the groups are glucose residues. An intensive study is now under way in which an attempt is being made to bring the models into agreement with the chemical and physical properties of the cellulose fibers and with the diffraction patterns. A report on that part of the work will soon be submitted for publication.
5 Balls, W. L., The development and properties of raw cotton, London, 1915, 73; also Proc. Roy. Soc. London, Series B, 1919, xc, 543. 
